The neuroblastoma parent was N18TG2 (1, 2). This cell line is resistant to 1 X 10-4 M 6-thioguanine and lacks hypoxanthine phosphoribosyltransferase (HPRTase) activity. The cells do not multiply in media supplemented with 1 X 10-4 M hypoxanthine, 1 X 10-6 M aminopterin, and 1.2 X 10-5 M thymidine (HAT). The N18TG2 cells were grown in the presence of 1 X 10-4 M 6-thioguanine for at least four generations prior to use.
Although many murine neuroblastoma cell lines have been derived from tumor C1300, new cell lines with different neural phenotypes are needed. One approach has been to obtain somatic cell hybrids since cell lines with specific neural defects and cells that have acquired neural properties have been generated by cell fusion (1) (2) (3) (4) (5) 1) .
In this study, clonal mouse neuroblastoma cells lacking hypoxanthine phosphoribosyltransferase (EC 2.4.2.8; IMP: pyrophosphate phosphoribosyltransferase) were fused with sympathetic ganglion cells from embryonic mice. Sympathetic ganglia were chosen as a source of neurons because such ganglia contain only a few types of neurons which have been well characterized biochemically and electrophysiologically. Neuroblastoma cells were used as the other parent because they have neural properties and are related embryologically to sympathetic ganglion neurons. Our objective was to determine whether cell lines with interesting neural properties might be generated by the fusion of clonal neuroblastoma cells with normal cells from the nervous system.
In this communication, we describe a neuroblastoma X sympathetic ganglion hybrid cell line that has acquired the ability to synthesize dopamine.
MATERIALS AND METHODS Cells and Media. Cells were grown in either F-14 (6) or Abbreviations: HPRTase, hypoxanthine phosphoribosyltransferase (EC 2.4.2.8); DMEM, Dulbecco-Vogt modification of Eagle's minimal medium; dopa, 3,4-dihydroxyphenylalanine; dopamine, 3,4-dihydroxyphenylethylamine; HAT, 1 X 10-4 M hypoxanthine-1 X 10-6 M aminopterin-1.2 X i0-5 M thymidine. * (1, 2) . This cell line is resistant to 1 X 10-4 M 6-thioguanine and lacks hypoxanthine phosphoribosyltransferase (HPRTase) activity. The cells do not multiply in media supplemented with 1 X 10-4 M hypoxanthine, 1 X 10-6 M aminopterin, and 1.2 X 10-5 M thymidine (HAT). The N18TG2 cells were grown in the presence of 1 X 10-4 M 6-thioguanine for at least four generations prior to use.
Primary cells were obtained from superior cervical and paravertebral sympathetic ganglia dissected from 12-to 14-day-old mouse embryos (C57BL/6) and dissociated with trypsin as described (7) . Single cells were suspended in complete F-14 supplemented with 10 units/ml of 2.5S nerve growth factor. (14) . Monoamines synthesized by the cultured cells from tyrosine were identified by the procedures given in the legend of Table 3 . The electrophysiological properties of the cultured cells were studied by techniques described (15) . Spike rates of rise were measured by fixing the responses on the expanded scale of a storage oscilliscope (horizontal axis 1 msec/cm, vertical axis 20 mV/ cm). Prior to assay for tyrosine 3-monooxygenase activity, catecholamine synthesis, or electrophysiological properties, the hybrid cells were cultured for at least two subcultures in DMEM supplemented with 5% fetal bovine serum, 1 X 10-4 M hypoxanthine, and 1.6 X 10-5 M thymidine.
RESULTS

Isolation of hybrid cells
Mouse neuroblastoma N18TG2 cells and cells from mouse sympathetic ganglia were fused as described in Materials were round, and few cells extended processes (Fig. 1A) .
[I4C]tyrosine anc When the hybrid cells were cultured for several days in the cell homogenates presence of 1 mM dibutyryl cyclic AMP, they extended tography (see lel long, branching processes (Fig. 1B) . Treatment with dibutyshow that [14C]cc ryl cyclic AMP has been shown to induce neurite outgrowth ities of authenti from neuroblastoma cells (16, 17) . The morphology of each of the foun 16 were then selete DMEM without tyrosine. The rationale n process is that tyrosine 3-monooxygenase nversion of phenylalanine to tyrosine as well n of tyrosine to dopa; thus cells with tyrosine se grow in the absence of tyrosine (18) . As 2, the specific activity of tyrosine 3-monooxfor NX-31 cells grown without tyrosine was 400 pmol of dopa formed/min per mg of lating efficiency was 6 X 10-3. When lastoma cells were challenged with the same lure, no colonies were found (plating effi-3 X 10-7).
an of catechols synthesized by NX-31
ires of NX-31 cells were incubated with d the '4C-labeled products extracted from s were characterized by thin-layer chromagend of Table 3 
for methods). The results
Dmpounds with the chromatographic mobilc dopa and dopamine were present with chromatographic systems used. Labeled NX-31 differs from that of N18TG2 parent and other neuronorepinephrine, h however, was not detected. No conversion a  1227  597  404  b  1015  635  540  c  938  541  531  d  1080  555  432 NX-31 cells (subculture 14) in a 100-mm dish containing about 107 cells (10 mg of protein) were maintained for 11 days in complete DMEM containing 1 mM dibutyryl cAMP, 1 x 10-M hypoxanthine, and 1.2 x 10-5 M thymidine. The culture was then incubated for 17 hr in 3 ml of fresh medium which also contained 0.4 mM of uniformly labeled [14C]tyrosine (1.25 mCi/mmol). After incubation, the medium was removed and the cells were washed three times with phosphate-buffered saline and extracted and homogenized in 0.5 ml of 0.2 M acetic acid. The extract was centrifuged at 5000 x g for 10 min and the supernatant fraction was collected and evaporated under nitrogen; the final volume was approximately 50 pul. Aliquots of 10 yl were spotted on cellulosecoated thin-layer chromatography sheets (Eastman 6064) with 1 ,ug each of carrier dopa, dopamine, and norepinephrine. The four solvent systems listed below were used, and catechols and catecholamines were detected by the use of ferrocyanide-ethylenediamine reagent (19) . The chromatograms were cut into 1.0 x 0.5 cm strips and each strip was assayed for radioactivity. A 5-,ul aliquot of the incubation culture medium was also run in each system in order to establish the purity of the tyrosine and the counting efficiency (38%). Solvent systems used were: of tyrosine to dopa or dopamine was detected in similar experiments with N18TG2 cultures.
These results show that NX-31 cells synthesize dopamine and suggest that cells have both tyrosine 3-monooxygenase and aromatic-amino-acid decarboxylase (EC 4.1.1.28; aromatic-L-amino-acid carboxy-lyase) activities.
Electrical excitability As shown in Fig. 2 (Fig. 2) . The most striking difference was in the maximum rate of rise of the evoked spikes. For N18TG2 and NX-31 cells, the average maximum rates of rise were 24 and 85 V/sec, respectively.
The latter value is similar to that of sympathetic neurons in situ (24, 25) and cultured in vitro (8) . The electrical properties and chemosensitivity of NX-31 hybrid cells are described in detail elsewhere (26) . zyme yields a somatic cell hybrid line that has high tyrosine 3-monooxygenase activity and synthesizes dopa and dopamine. Under appropriate culture conditions, the hybrid cells resemble neurons in morphology and possess highly excitable membranes that are capable of generating action potentials. Additional studies to be reported elsewhere show that these cells have nicotinic and possibly muscarinic excitatory acetylcholine receptors (26) .
Both sympathetic ganglion neurons and interneurons have tyrosine 3-monooxygenase activity, which raises the possibility that at least part of the genome of the normal ganglion parent cell may be expressed in hybrid cells. On the other hand, certain neuroblastoma X glioma hybrid cell lines have neuronal properties not exhibited by either parent cell line, such as choline acetyltransferase activity (3, 5) . Whether the neural properties of NX-31 hybrid cells are due to the expression of genes from the normal or the neoplastic cell, or to the genomes of both parents remains to be determined.
The neural properties of NX-31 cells are retained and are expressed many generations after fusion. For example, the electrical excitability of cell membranes was high 150 generations after hybridization (the oldest cells tested). Also, although the specific activity of tyrosine 3-monooxygenase in NX-31 cultures decreased after 16 
